We present low-resolution spectra of486 IRAS point sources with F p ( 12 ¿un) in the range 20-40 Jy. This is part of an effort to extract and classify spectra that were not included in the Atlas of Low-Resolution Spectra and represents an extension of the earlier work by Volk & Cohen which covers sources with F V (12 pm) > 40 Jy. The spectra have been examined by eye and classified into nine groups based on the spectral morphology. This new classification scheme is compared with the mechanical classification of the Atlas, and the difierences are noted. Oxygen-rich stars on the asymptotic giant branch make up 33% of the sample. Solid state features dominate the spectra of most sources. We find that the nature of the sources as implied by the present spectral classification is consistent with the classifications based on broad-band colors of the sources.
INTRODUCTION
The development of infrared astronomy in the past two decades has shown that stars exhibit a variety of behaviors in the infrared wavelengths and their infrared spectra are not just the Rayleigh-Jeans extension of the photospheric continuum. Many of the late-type stars are now known to have extended dust envelopes, and their circumstellar emission represents the dominant source of continuum emission in the infrared (Woolf 1973) . Most of the infrared sources cataloged in the early infrared sky surveys ( Neugebauer & Leighton 1969; Price & Walker 1976 ) are evolved stars. In 1983 the Infrared Astronomical Satellite (IRAS) 2 surveyed 95% of the sky in four ( 12, 25, 60, 100 pm) photometric bands. This results in a greatly expanded infrared source catalog, the Point Source Catalog, Version 2 ( 1988, hereafter PSC) with over 250,000 objects. With positional accuracies of better than 1', it is possible to associate many of the IRAS PSC sources with objects in existing astronomical catalogs. The kinds of celestial sources detected range from protostars to galaxies (Chester 1986; Hacking et al. 1986 ). For sources with no associations, ground-based follow-up observations are necessary to establish their identity. Fortunately, IRAS carried on board a slitless spectrometer which recorded low-resolution spectra from 8 to 23 pm during the survey whenever the source was brighter than 2 Jy at 12 or 25 pm. The collected spectra represent a valuable resource that can be used for the classification of PSC sources.
The Low-Resolution Spectrometer (LRS) was built by the Institute for Space Research in Groningen, The Netherlands. The spectra were observed in two sections, a blue section from 8 to 15 pm with resolution X/AX ^ 40 and a red section from 13 to 23 Aim with resolution -20. The "better quality" spectra were collected into the IRAS Atlas of Low-Resolution Spectra ( 1986, hereafter Atlas) which contains the average spectra of 5425 objects. However, these spectra are only a small part of the full set of observations. The data base of all the spectra extracted from the raw data stream during the IRAS mission contains -170,000 individual spectral scans for a total of -50,000 sources. This "LRS data base" contains many good spectra that were not included in the Atlas. Sources were excluded if the individual spectral scans did not agree well enough to satisfy the criteria for this Atlas; for example, if, during the data extraction, the wrong bank of detectors was interrogated so that part of the spectrum was missed. Other sources appear to have had a change in the spectral character between observations, presumably due to real variability. The slitless spectrometer was unsuitable for observing closely spaced sources unless they were oriented perpendicular to the scan direction, because the spectral scans would overlap with a wavelength shift due to the spatial separation of the sources. A first study of the LRS for 356 sources with F v ( 12 pm) > 40 Jy has been made by Volk & Cohen ( 1989a, hereafter Paper I ) . In the present paper, we present the spectra of 486 additional sources of intermediate 12 pm brightness (20-40 Jy) that are not in the Atlas.
EXTRACTION OF THE SPECTRA
In the IRAS PSC there are 1849 sources with 40 > F v (\2 pm) > 20 Jy, 1806 with good quality 12 ^m data and 43 with moderate quality 12 ^m data. The LRS Atlas contains spectra for 1363 (73.7%) of these sources, and we have extracted the LRS database spectra of the other 486 sources. Although this 607 VOLK, KWOK, STENGEL, & BRUGEL sample is 37% larger than the F v { 12 /¿m) > 40 Jy set presented in Paper I, about the same number of sources in each group have association in the various catalogs used with the PSC. This is a reflection of the much lower mean brightness of these sources compared to the previous sample.
The LRS data base consists of the individual LRS spectral scans in order of observation, along with associated header information. To locate a spectrum in the data base, the source position is specified, and the program extracts all scans with positions within a user-defined search radius to form an average spectrum. We used a search radius of 1 '. Sources usually had several individual spectral scans in the LRS data base. Typically, three or four were available; a few sources had only one scan, while others had as many as 10. Sometimes spectra from more than one source were extracted within a 1 ' radius, and several average spectra were generated by the program. In these cases, all the averaged spectra were examined, and the best quality spectrum from the position nearest to the source was assumed to be correct. Usually, the other averaged spectra generated from a single search had positions distinct from the target source and could be readily rejected. In the more common case where only one averaged spectrum is generated, we will accept it if it appears to have good signal-to-noise ratio. Otherwise, the individual scans that form the averaged spectra are examined. After obviously poor scans were rejected, the scan with the best signal-to-noise ratio was taken if other good scans agree with it. If the scans did not agree among themselves, the average was retained and the spectrum was classified as group I.
The extracted spectra are presented in Figure 1 , ordered by R.A. Each plot has the IRAS name and another name (if available) at the top and a letter classification in the upper or lower right-hand comer ( see § 3 ). Some of the spectra show a decline at the long-wavelength end. This is probably due to a loss of detector sensitivity and should not be regarded as real. A problem of relative calibration was found by Volk & Cohen ( 1989b) , and all the spectra presented in Figure 1 have been recalibrated using the averaged spectra of seven bright stars. We should note that these corrections should have no effect on the morphological classification. As with the spectra in the LRS Atlas and in Paper I, no attempt has been made to compare the LRS flux density level with the PSC 12 /¿m data, so the absolute flux values may not be correct for all the sources.
De Muzion, Cox, & Lequeux ( 1988) have noted that some LRS Atlas spectra have been contaminated by spikes, and ambiguous emission lines have to be examined from individual scans. We have looked for this effect in our sample and found it not to be a problem.
The Galactic coordinate distribution of these 486 sources is shown in Figure 2 . Most of the sources are found near the Galactic plane and in the inner Galaxy. A somewhat smaller fraction of these sources is found at higher Galactic latitudes than was the case for the >40 Jy sample. Otherwise, the two groups appear to have very similar sky distributions.
SPECTRAL CLASSIFICATION
The 5425 sources in the LRS Atlas were classified by an automatic procedure based on the shape of the continuum as well as the presence of spectral features. Because of the mechanical nature of the procedure, errors in classification can result, particularly in the following situations: ( 1 ) confusion of weak silicate feature with the silicon carbide emission feature; (2) confusion between the PAH feature and the silicate feature; and ( 3 ) lack of distinction between normal stars and stars with cool dust continuum. We have found that the spectra can be more reliably classified by eye inspection, where one can have a global as well as specific view of the spectra. The 486 spectra in this paper were classified and put into one of nine groups as defined by Volk & Cohen ( 1989a) :
S: 32 spectra that represent the Rayleigh-Jeans tail of the stellar photospheric continuum (equivalent to Atlas classes 17-19). They are usually stars with spectral types earher than M5 without substantial mass loss.
F: 59 featureless spectra whose continua are flatter than those expected of a stellar photosphere (equivalent to Atlas classes 10-16). They probably represent evolved oxygen-or carbon-rich stars with small amounts of circumstellar dust.
E: 129 spectra showing the 9.7 ¡xm silicate dust feature in emission (equivalent to Atlas classes 20-29). They are generally oxygen-rich AGB stars with thinner circumstellar envelopes than those of group A. The 9.7 pm feature is expected to be in emission when the optical depth of the envelope at 9.7 /¿m (t) is less than ~4 (Volk & Kwok 1988) . The peak strength of the feature occurs at r ~ 2. Between r = 2 and 4, the feature is partly in self-absorption and weak. In this case, the 18 pm feature was used to assign the sources to this group. Because of the weakness of the 9.7 pm feature in some of the sources, they are sometimes wrongly classified as classes 40-49 in the Atlas. 18333+0533 = AFGL 2199 is one example of such misclassification.
A: 31 spectra showing the 9.7 pm silicate dust feature in absorption ( equivalent to Atlas classes 30-39 ). They generally have a continuum that is less red than the class P sources. They are mostly oxygen-rich AGB stars with thick circumstellar envelopes. It is possible that some of the sources in this group are confused with group P. For example, in Paper I, 19288+2923 was put into group P as a possible Wolf-Rayet star. Now it is known to be an OH/IR star (Eder, Lewis, & Terzian 1988) and should belong to group A. C: 18 spectra showing circumstellar 11.3 pm SiC dust emission (equivalent to Atlas classes 40-49). These are generally evolved carbon stars undergoing mass loss. P: 30 spectra which have relatively red continua from 13 to 23 pm and a sharp rise at the blue end of the LRS range, or which show the 11.3 pm or 12.5 pm emission feature that are attributed to PAH molecules (e.g., Cohen, Tielens, & Aflamándola 1985 ) . Some of these spectra are very similar to silicate absorption spectra, although when the features are strong, PAH spectra can be distinguished from silicate absorption spectra by the shape near 11 pm. These spectra are equivalent to Atlas class 80 sources, and those for which the 11.3 pm feature is not strong are sometimes mistakenly assigned to silicate absorption classes 30-39 or 70-79 in the Atlas.
H: 70 spectra with red continuum often showing either the 9.7 pm silicate absorption feature or the 11.3 pm PAH feature. These sources should be either planetary nebulae, reflection nebulae, or H n regions. The LRS Atlas equivalents are of classes 70-79,60-69, 50-59, or 80 . The vast majority are associated with H ii regions. I: 62 noisy or incomplete spectra, including cases where the two parts of the spectrum seem to be copies of each other. When this occurs, the different flux and wavelength calibrations cause the red part to be a magnified, slightly distorted copy of the blue part. Some of these sources can be classified from the blue part of the spectrum but have no useful red scans in the data base.
There can be considerable variation in spectral shape within a group. The classifications are not rigorous, and no attempt was made to introduce a second digit quantitative strength index similar to the Atlas classes. The Atlas classes were assigned mechanically on the basis of flux values at a very few points in the spectrum, leading to classification problems when the spectra are noisy at a key wavelength. In comparison, we consider the entire spectrum and assign a class subjectively.
For example, groups P and A in our classification scheme were distinguished by subtle differences in shape that would be difficult to quantify for any automatic classification. It is possible that some of the unusual spectra in the various groups are affected by instrumental problems, but we are not always able to recognize these effects except for individual glitches in a spectrum (e.g., 19417+3053). A few cases of instrumental problems are noted in Table 1 .
During the extraction and classification of the spectra, no reference was made to either the IRAS colors or the associations. After the spectra had been classified, we then looked up other catalog associations as listed in the PSC. In addition, the IRAS names were compared with those for which OH masers have been detected by Eder et al. (1988) and with a list of OH/IR stars known before the IRAS mission. This resulted in four more associations: two for group E sources, one for a group A source, and one for a group U source. The latter source, 19200+2101, is probably a noisy silicate self-absorption source, although it is impossible to be certain of that from the LRS spectrum. In a number of cases (02459+6029, 16035-5330, 16148-5011, 16235-2416, 16404-4623, 18317-0513, and 20333+4102) , the group P assignment is not firm. OH radio observations of these sources would aid in the determination of their nature.
The sources are listed in Table 1 by group, ordered by R.A. within each group. The IRAS name is given first, then the alternative name used on Figure 1 ( if any ), other catalog associations as listed in the PSC, and comments on the objects or spectra. The source names are preferentially taken from Hoffleit (1982), Kukarkin et al. (1970) , or the Smithsonian Astrophysical Observatory ( SAO ) Star Catalog ( 1966 ). If only infrared or radio associations were available, the names from the Two-Micron Sky Survey (Neugebauer & Leighton 1969) were used in preference to others. Except for the OH/IR star identifications, the associations are from the PSC. All associations are solely positional. The positions listed in the PSC are generally very good, but in some cases the positional error can exceed 1'. In any case, the true counterpart of an IRAS source can be established only by ground-based identification in the mid-infrared, and positional coincidence does not necessarily imply association. Source associations with poor positional agreement are followed by a question mark, or two question marks when the agreement is very poor. The spectral types given in Table 1 are, in order of preference, from the Bright Star Catalogue, the General Catalogue of Variable Stars, the General Catalogue of Cool Carbon Stars, or the SAO Catalogue.
SOURCE COLORS
After source classification, the IRAS colors were compared with a set of "occupation zones" for various types of celestial source seen by IRAS ). The resulting colorcolor diagrams are presented in Figures 3 and 4 , although not all of our sources have good IRAS observations beyond 12 /¿m. When the broad-band colors were calculated, color corrections corresponding to the Rayleigh-Jeans law were applied to the data values, so that a 10 4 K blackbody source has colors near the origin in both forms of the color-color diagram (see the IRAS Explanatory Supplement 1988 for a discussion of color VOLK, KWOK, STENGEL, & BRUGEL shows that most of the groups have internally consistent colors (excluding groups U and I which need not be homogeneous, and group P which includes several distinct types of sources as discussed below ). The same is generally true of the 25/60/100 /mi color-color diagram (Figs. 4a and 4b).
The locations of the main groups of sources (silicate emission, silicate absorption, carbon stars, and the red continuum H ii region sources) are all consistent with the corresponding occupation zones of Walker & Cohen ( 1988) . A few of the group E sources have 60 /¿m excesses which put them above the occupation zone, but these lie in the Galactic plane and may have infrared cirrus contamination at long wavelengths. Although a number of fainter IRAS sources associated with planetaries do have obvious LRS line spectra (Pottasch et al. 1986; Volk & Cohen 1990; Zhang & Kwok 1990 ), none of the 486 sources in this sample has any LRS nebular emission lines.
We now discuss the nature of the sources associated with the various groups of LRS spectra in terms of these color-color planes.
Group S (Stellar Blackbodies)
All of the 32 sources in this group have previous catalog associations, 22 of them being BSC stars. Seven are classified as K spectral type, and 19 as M type. Most of the M stars are of luminosity class III, suggesting that they are probably first giant branch stars without significant circumstellar envelopes.
Thirty of the 32 sources in this group have good fluxes in the 12, 25, and 60 /¿m bands. Only four have good fluxes at 100 pm. The sharp decline in data values at long wavelengths is expected because the LRS lies in the Rayleigh-Jeans part of the stellar spectrum. We note that four of the sources lie in the optical carbon star box (box C of Fig. 3a) , and three more have mild 60 pm excesses. However, only one of these is a carbon star ( 10096-3504 = CS 1630). All four sources with 100 pm measurements show excesses at 100 pm. Since the 100 pm flux densities are of the order of 1 Jy, they are probably due to contamination by 100 pm background sources.
Group F (Featureless Sources)
The 59 sources in this class appear to have intermediate temperature (~ 500-1000 K) blackbody spectra. The spectral index of the continuum is not flat enough to be placed in group U but is definitely distinct from group S. Forty-one of the 59 sources have fluxes in the first three bands, and five have fluxes in all four bands. The colors of this group can be separated into two subgroups. One is located to the right (in the 12/25/60 pm color-color diagram) of the normal stars, but to the left of the silicate emission objects. The other subgroup is located between the silicate emission and absorption sources. Compared to the F v ( 12 pm) > 40 Jy sample, the second subgroup shows up more prominently in this sample. It is possible that the first subgroup represents stars with low mass-loss rates, and the second subgroup represents stars in transition between silicate emission and absorption phases.
Four sources (12515-6241, 13163-6031 = CS 2077, 16119-5105, and 22586+4614 = BC And) have significant 60 pm excesses. The cause of this is unknown. One possibility is that these are carbon stars with detached dust shells due to a previous phase of mass loss ( Chan & Kwok 1988) . The 60 pm flux levels seem too high to attribute this to random background sources.
Group E (Silicate Emission Sources)
Eighty-one of the 129 sources in this group have fluxes in the first three bands, and 16 have fluxes in all bands. Two sources (17409-3023 = IRC -30318, 17464-3701) have only one flux at 12 pm. The classification of 17464-3701 is questionable. Five sources have significant excesses in the 60 pm band. 18055-1833 ( = AX Sge) has a very red continuum and is classified as a G8 la. 16437-4620 shows broad emission features, and its spectrum and colors are similar to those of tj Car. This is a young star (O9.5/B0) in a molecular cloud.
The spectrum has poor overlap.
This may also be weak silicate absorption.
This may be an unusual group A spectrum. This is an emission line star of type Ae, with possible 21 pm emission.
Type K3 ffl-IIIb.
Questionable PAH feature classification, for they would be very strong. This has unusual features.
633
The continuum shape is unusual.
The spectrum has a very odd red part This has an unusual absorption feature. The feature shape is unusual. The absorption feature is narrow.
V481 Sco is an RR Lyrae variable; probably ; spurious association. This shows unusually narrow 10 pm absorption. This also has unusually narrow 10 pm absorption. The spectrum is unusual.
The spectrum seems unusual. Possible wavelength-shifted PAH emission.
The spectrum has bad overlap. The source has a low temperature continuum. The feature shape is unusual.
The 10 pm peak is (self-?) absorbed.
This source has an unusual feature shape. Classified based upon clear 18 pm emission.
Type M6.
This spectrum resembles that of rj Car.
The 10 pm peak is (self-?) absorbed. This looks like noisy silicate emission.
635
The spectrum has an unusual feature shape.
The red part is poor.
This spectrum resembles that of T| Car. The red part is poor.
The spectrum is almost (self-?) absorbed at 10 pm.
This may be a self-absorbed feature. Type M7.
636
American Astronomical Society • Provided by the NASA Astrophysics Data System An extreme case of the group.
The wavelengths appear to be shifted.
Similar to known proto-planetary nebulae. The blue part is unusual and may be weak PAH emission.
The overlap is poor. The spectrum shows strong silicate absorption, probably interstellar in origin.
This is unlikely to be the planetary nebula.
The spectrum has PAH emission.
There is silicate absorption here. The spectrum shows silicate absorption.
There is silicate absorption of the continuum.
The spectrum has silicate absorption.
There is silicate absorption in the spectrum.
The spectrum shows silicate absorption. MRSL 108-00/1. S157, MRSL 111-00/1.
637
The source shows silicate absorption.
The spectrum is wavelength-shifted.
The spectrum overlap is bad.
There is no blue part, and the red part is very steep. The spectrum shows PAH emission. This is probably not the planetary nebula. The spectrum shows silicate absorption. The spectrum shows silicate absorption.
The spectrum shows silicate absorption.
The spectrum is wavelength-shifted. The spectrum is wavelength-shifted.
The spectrum shows silicate absorption. There is PAH emission here. The spectrum has weak silicate absorption. The spectrum has strong silicate absorption.
The spectrum shows very strong silicate absorption, probably interstellar. The spectrum shows silicate absorption. This is a proto-planetary nebula of spectral type G5 I.
The spectrum has PAH emission. The spectrum shows silicate absorption. The spectrum shows silicate absorption. The spectrum shows silicate absorption. This may be very wide 11.3 pm emission. This is a very odd spectrum. This may be a group P spectrum. Possible wavelength-shifted 11.3 pm emission.
Group
Possible 11.3 pm absorption. Possible odd silicate absorption. The overlap is rather bad.
This could possibly be self-absorbed silicate emission.
This is possibly just bad data.
There is an overlap problem here.
This is similar to 11385-5517. This may be a case of scan overlap.
A possible silicate absorption spectrum. Likely just a poor spectrum. This is silicate emission with a bad red part. Type B9. Possible PAH emission.
Possible red/blue duplicate.
The spectrum has an overlap of scans. The spectrum has an overlap of scans.
Type F8 lb.
Type C6-,4. log 10 (AF x (25/¿m)/XF x (12/¿m)) Fig. 3.-(a) The 12/25/60 ¿¿ni color-color diagram for the sample. Each symbol represents a group: diamonds for group C, open triangles for S, open squares for F, filled squares for P, filled "up" triangles for A, filled circles for E, filled "down" triangles for H, open circles for U, and crosses for I. Plus signs on the dotted curve mark blackbody colors for temperatures of 10,000, 1000, 600, 400, 300, 250, 200, and 150 K, respectively {left to right). Dashed boxes represent 70% occupation zones for different types of sources Fig. 3 . Blackbody points are plotted for 10, 000, 1000, 600, 400, 300, 250, 200, 150, 100, 90, 80, 70, and 60 K, as in 
Group C fSiC Emission Sources)
Twelve of the 18 sources in this group have fluxes in the 12, 25, and 60 ^m bands, but only one has fluxes in all four bands. Carbon stars show two distinct color groups (see Chan & Kwok 1988; Cohen et al. 1989 Stephenson (1973) . While none of the three shows a very strong 60 pm excess, two have large enought 60 pm fluxes that they lie above the blackbody line in the visual carbon stars box. The color distribution of the rest of ,this group is very similar to that of the 395 sources with SiC features in the LRS Atlas (Chan & Kwok 1990 One source (18324-0817 = HR 6973) has only one good flux at 12 pm. The failure to obtain good measurements at the other bands could be the result of background eonfusio» due to the Galactic location (/ = 23T76, b = 0?17) of tibe object. The spectrum of 18324-04817 is very unsual, and the PAH classification is questionable, although the spectrum certainly appears to have a narrow 11.3 feature which is not agfiteh and not the 11.3 pm SiC feature. The star is of spectral type K3 III and would not be expected to be able to excke PAH molecules.
Another unusual group P source is 29004+2934 whose spectrum and colors sue very similar to those of 10158-2844 = HR 4049 (Waters et al. 1989 ). The 11.3 pm feature of HR 4049 is much weaker, however. Based on the V -[12] color of HR 4049, this source should have a bright optical counterpart. However, no SAO association is found.
The object 16404-4623 is placed in group P because of its resemblance to Roberts 80 (17590-2337), RAFGL 2179 ( 18289-1001 ), and RAFGL 2104 ( 18136-1859 ) in the Atlas. It is possible that the spectrum of 16404-4623 could be classified as group A. If it is a silicate absorption object, then the continuum is unusually blue. Comparison with the LRS spectra of VI Cyg No. 12 (^ = 9.7 mag) shows that 16404-4623 is both brighter and has a much stronger 10 pm absorption feature. If the 10 pm feature is due to interstellar extinction, then the distance to 16404-4623 must be larger, and the luminosity higher than VI Cygni No. 12. If it is a Wolf-Rayet star similar to AFGL 2104, then it could have both PAH emission and silicate absorption features.
Group H (Red Continuum Sources)
The sources in this group have the reddest colors of all the sources in the sample. Forty-seven of the 70 sources in this group have fluxes in the first three bands, and 38 have fluxes in all four bands. As a result of their red color, eight sources do not have 25 ^m fluxes. Many of these sources have associations in the Bonn or Parkes radio continuum surveys of the Galactic plane, and clearly almost all are sources in H n regions. Most lie in the H n region occupation zones in Figures  3 and 4 . Three sources (13428-6232, 18299-1705, 19114+0002 = SAO 124414) have colors near or below the blackbody line and are likely to be planetary nebulae or protoplanetary nebulae (Volk & Kwok 1989; Kwok 1990 ). The proto-planetary nebula nature of 19114+1002 is confirmed by ground-based observations (Hrivnak, Kwok, & Volk (1989 Fifty-five sources in this sample have spectra that can be classified as unusual. Thirty-four of the sources have fluxes in the first three bands, and nine have good fluxes at all bands. Figures 3 and 4 show that this group has a wide range of colors and is certainly not homogeneous. There is a subgroup that has colors similar to silicate emission objects and another that has colors similar to silicate absorption objects. Members of these subgroups could well be class E or A objects, and 15377-5125 may be such an example. On the other hand, the spectra of 10351-6042, 10473-5631, and 16575-4023 are truely unique and unusual. 4.9. Group I ( Noisy/Incomplete Spectra )
The percentage of sources with noisy or bad spectra has increased from 5% in the >40 Jy sample to 13% (63 sources) in this sample. From the color distribution of these sources, we can see that they are approximately evenly divided between H n region/reflection nebulae sources and stellar sources. In some cases, the general type of the spectrum could be deduced from incomplete data. These cases are noted in Table 1 .
DISCUSSION
In addition to the 356 spectra extracted for IRAS sources with F v { 12 /im) > 40 Jy (Paper I), we have extracted another 486 in the flux interval of 20 and 40 Jy. While the average quality of the spectra is not as high as for those in the first sample, the majority of the spectra are good enough for identifying broad features and classifying the nature of the sources.
There is general agreement between the Atlas classes and our nine group classification scheme. One major difference is in Atlas 40-49, where sources with weak 9.7 pm silicate emission features are mistaken for 11.3 pm emission. Another example is the confusion in the Atlas between the silicate absorption feature and the PAH emission feature at 11.3 pm due to misplacement of the continuum level.
In comparison to the brighter sample in Paper I, this sample contains far more group F sources than group S. Since group S sources are most likely bright stars in the solar neighborhood, as lower flux thresholds are considered, proportionately fewer of these sources will be included.
CONCLUSIONS
We have extracted the LRS spectra for all IRAS sources with 12 pm fluxes between 20 and 40 Jy that were not included in the Atlas. Classifiable spectra were found for 424 of the 486 sources in our sample. The remaining 62 sources have either extremely noisy or incomplete spectra, some of which can be tentatively classified from the available data. The source composition in this sample is similar to that in the Atlas and Paper I, with evolved stars making up the majority of the sources. Only 7% of the sources have spectra corresponding to the photospheric continua of stars. The spectra of most of the sources are dominated by solid state (dust) features, and no emission lines are observed.
The spectra have been classified manually into nine groups based on the spectral morphology. By number, these groups are silicate emission spectra (129), red continuum spectra (70), incomplete or unclassifiable spectra (62), nonphotospheric featureless spectra (59), unusual spectra (55), stellar blackbody spectra ( 32 ), silicate absorption spectra (31), spectra with PAH emission features ( 30 ), and SiC emission spectra (18). This ordering is not very different from the previous set of brighter LRS sources. The only exceptions are the expanded number of incomplete (I) and featureless (F) spectra. The increase in number of group I is not unexpected, as the mean 12 pm flux density decreases. The increase in the number of flat spectra sources is probably the result of the redness of these objects: the 12 pm flux is not necessarily a rehable estimator of the luminosity of these objects. Again, silicate emission sources, which are predominantly AGB stars, represent the largest group. We have no indication that any of the sources is extragalactic in nature, except one that is located in the LMC. This is strictly the result of the sensitivity Emit of the LRS.
These groups have been used to test the classification of IRAS sources from the broad-band colors. We have compared the distribution of the groups on color-color diagrams with a set of occupation zones for known types of celestial source ) on the 12/25/60/¿m and 25/60/100 ^m color-color diagrams. Most groups have colors consistent with the corresponding occupation zones. We find, in common with previous studies, that some groups of sources overlap on the color-color diagrams and IRAS colors cannot uniquely differentiate sources belonging to different groups. The LRS therefore provide useful additional information for the determination of the nature of IRAS sources.
